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Simulation of Process for Preparation 3-Pentenenitrile by
Butadiene Hydrocyanation

DONG Ting, YIN Yujiao, LI Na, WANG Yanhong, GUO Jing, HAN Xinghua
(School of Chemistry and Chemical Engineering, North University of China, Taiyuan 030051, China)
Abstract: Adiponitrile CADN) is an important organic chemical material with a wide range of uses, and as
a raw material to produce nylon-66, the demand is growingg rapidly. Butadiene (BD) hydrocyanation is the
most advanced method among the existing production technologies, and the BD hydrocyanation process for
ADN production is divided into three stages: the primary hydrocyanation stage, the isomerization stage, and
the secondary hydrocyanation stage. In the primary hudrocyanation stage, HCN not only leads to catalyst
poisoning, but also easy to polymerize under certain conditions, and leads to clogging of pipelines. Removing
HCN first will help to avoid the clogging of pipelines and equipment caused by HCN polymerization. Based
on the original process, a stripper was added to recover HCN. Combined with the experimental data of 3-
pentenenitrile (3-PN) prepared by BD method, the main reaction kinetic model was deduced to calculate the

reactor volume, and the reactor kettle was changed from a single kettle to three kettles in parallel. The
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simulation software Aspen PlusV 11 was used to simulate the primary hydrocyanide stage process before and
after the improvement, respectively, and the NRTL activity coefficient model was selected to calculate the
physical property, and the simulation run results were searchable and converged. The results show that the
HCN conversion rate of 98% is basically consistent with the actual conversion rate of 98. 5%, indicating that
the kinetic reactor model is credible. The mass fraction of HCN in the isomerization and secondary hydro-

cyanation stage is 0, which meets the requirements of the process design, and indicates that it is reasonable

to increase the stripper in the original process.
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Fig.1 Reaction network for the generation of ADN by the BD method
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Fig. 2 The flowsheet of the production of 3-PN by hydrocyanation of BD
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Tab.1 Experimental data of 3-PN by hydrocyanation of BD
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Tab. 2 Reaction kinetic data of the primary hydrocyanation

t/s T/K Ink/s™! Ink,/s ! Ink,/s !
10 800 353.15 —9.35 —9.75 —10.45
10 800 373.15 —8.50 —8.87 —9.66
10 800 393.15 —7.92 —8.33 —9.02
3 —EFULEH 3-PN R 2M3BN [ )21 35 12 5 i
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Tab. 3 Kinetic equation and constants for the preparation of 3-PN
and 2M3BN by hydrocyanation of BD

—E, - -

Ink=—"+InA, E/(Jmol 1) As !
Ink,——4959.9/T + 4.333 6 41.24 76.22
Ink,——4948.1/T+ 3.576 9 41.14 35.76
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Fig. 3 The modified flowsheet of the production of 3-PN by hydrocyanation of BD
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Tab.4 Separation conditions of T0102 and T0103

ZH T0102 T0103
JE J1/kPa 400 40
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A9 Lt 2 2
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Tab.5 Parameters of the feed stream of 0101, 0102 and 0103

2 0101 0102 0103
HZS VAR TR AH WA

A/ C 20 5 40
JE41/kPa 900 800 900
JAEE /R it /(kmolsh 1) 157.15 121.7 0.10
Nyp/(kmol+h ') 157.14 0.00 0.00
Nyen/(kmolsh ™) 0.00 121.7 0.00
Nyo/(kmolsh™") 0.01 0.00 0.00
Nears/(kmolsh™) 0.00 0.00 0.10
IRF B/ (mPh ) 13.66 4.64 0.05
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Fig.4 Simulation flowsheet of the production of 3-PN by direct cyanation of BD and HCN
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Tab. 6 The operation results of streams of 0107, 0121, 0123 and 0124
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Tab.7 The operation results of streams of 0126, 0127, 0128 and 0130

28 0107 0121 0123 0124

HHZS TAH TAH TAH TAH
M/ C 30.54  120.05  35.35  119.70
£ 71/kPa 650.00  650.00  650.00  480.00

SVEEJR A /(kmolsh 1) 444.53  324.59  107.12  217.48
N/ (kmol*h ) 264.25 14436 107.11 37.25

Nyen/(kmolsh ™) 121.70 1.79 0.00 1.78
N0/ (kmolsh™) 0.02 0.02 0.00 0.01
N, pn/(kmolsh ™) 0.03 0.15 0.00 0.15
N; px/(kmolsh ™) 21.21  101.77  0.00  101.77
N, pxn/(kmolsh™) 0.00 0.00 0.00 0.00
Noyiapn/ (kmoleh 1) 0.00 38.99 0.00 38.99
Noyznn/ (kmolsh 1) 0.00 0.13 0.00 0.13
Nypn/(kmolsh 1) 4.76 4.78 0.00 4.78
Nien/(kmolsh 1) 0.00 0.00 0.00 0.00
Nyon/(kmolsh 1) 4.76 4.78 0.00 4.78
Neo/(kmolsh 1) 4.76 4.78 0.00 4.78

Nears/(kmolsh™) 23.05 2305  0.00  23.05

2R 0126 0127 0128 0130

HZS WRAH WA WRAH
W/ C 102.60 6.96 155.06  50.00
JE1/kPa 100.00  40.00  48.00  650.00
MEE/Rif R/ (kmolsh™Y)  217.48  158.76  58.72 58.46
Nyp/(kmoleh 1) 37.25 37.25 0.00 0.00
Nyen/(kmolsh 1) 1.78 1.78 0.00 0.00
Ny,o/(kmolsh ™) 0.01 0.01 0.00 0.00
N, px/(kmolsh ™) 0.15 0.13 0.03 0.03
N px/(kmolsh ™) 101.77 8047 21.30 21.21
N, pxn/(kmolsh™) 0.00 0.00 0.00 0.00

N/ (kmolsh ™) 38,99 3899  0.00 0.00
N/ (kmoleh 1) 0.13 0.13 0.00 0.00

Napx/(kmoleh ™) 4.78 0.00 4.78 4.76
Npsy/(kmolsh ™) 0.00 0.00 0.00 0.00
Nygr/(kmoleh ™) 4.78 0.00 4.78 4.76
Neo/(kmolsh ™) 4.78 0.00 4.78 4.76

Nepps/(kmoleh 1) 23.05 0.00 23.05 22.95
R /(m>h ) 1370.52  14.36 19.41 18.56

BRI/ (mPh ™) 47.58 49.89 9.62 38.03
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Fig.5 Simulation flowsheet of the production of 3-PN by direct cyanation of BD and HCN

# 8 TO0101,T0102 1 TO103 Y435 4 A
Tab.8 Separation conditions of T0101,T0102 and T0103

S8 T0101 T0102 T0103
JE /1 /kPa 200 400 40
PRI AL 23 30 35
[FI9i L — 2 2
PR E SR S) 7 13 15
R 0.33 0.33 0.73

#£9 HiAWAE0101,0102,0103 10118 24
Tab.9 Parameters of feed streams of 0101, 0102,0103 and 0118

ZH 0101 0102 0103 0118

S WA AR T WA

TR/ C 20 5 40 20

JE J3/kPa 900 800 900 900
MR/ (kmolsh D) 29.25 1217 0.11 92.44
Nyp/(kmolsh™") 29.24 0.00 0.00 92.43
Npyen/(kmolsh ™) 0.00 121.7 0.00 0.00
Ni,o/ (kmolsh™) 0.01 0.00 0.00 0.01
Ne¢ \T9/(kmolh h 0.00 0.00 0.11 0.00
WAL/ (mPh ™)) 2.54 4.64 0.06 8.04
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JE A 120°C i HCN /) %% fk % 98%0, 3-PN il
2M3BN f 4 5 A 1 LU oA 2 A S 36 s A )
FEU ST 1 B0 ) 2 O AR WA 1Y

IR (15), FEAE 0107 AT Q. 2N
12.45 m*/h. SRR R A8 1 R ] 2
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Tab. 10  The operation results of streams of 0104, 0105, 0106
and 0107
2R 0104 0105 0106 0107
A WA WA WA A
Lz /C 39.69 3512  38.09  38.09
JE41/kPa 650 650 650 650
SRR/ (kmolsh ™) 212.80  166.56  379.36  125.19
Nyp/(kmolsh™) 157.14  0.00 157.14  51.86
Nyen/(kmolsh 1) 1.80  121.70 12350  40.75
Nip,o/(kmolsh ) 53.85 0.00 53.86  17.77
N, pn/(kmolsh ™) 0.00 0.01 0.01 0
N py/(kmolsh ) 0.00 7.93 7.93 2.62
Noyn/ (kmoleh 1) 0.01 0.00 0.01 0
Noypopn/ (kmoleh 1) 0.00 0.00 0.00 0
Napn/(kmoleh 1) 0.00 4.60 4.60 1.52
Nyon/(kmolsh 1) 0.00 4.88 4.88 0
Neo/(kmolsh™") 0.00 4.39 4.39 1.45
Nears/(kmolsh ™) 0.00 23.05  23.05 7.61
AT /(mPh ™) 14.85  18.92  37.71 1245

F 11 WMEO0114, 0115, 0121 F1 0123 H9iEFT45

Tab. 11  The operation results of streams of 0114, 0115, 0121
and 0123

ZH 0114 0115 0121 0123
HZS T AH KA WA A
g/ C 120.06  15.36  86.33  25.99
J% 11 /kPa 650 200 500 650
SRRV /(kmolsh ) 257.65  101.53  248.56  82.03
N/ (kmolsh ) 3547  99.55 2835  28.35
Nyen/(kmolsh ™) 1.80 1.76 0.04 0.04
N0/ (kmolsh™) 53.86  0.22  53.65  53.63
Ny pn/(kmoleh 1) 0.14 0.00 0.14 0.00
N, pn/(kmoleh 1) 89.69  0.00  89.69  0.00
Noppapn/ (kmoleh ™) 39.58  0.00  39.58 0.0l
Nopopne/ (kmolsh 1) 0.13 0.00 0.13 0.00
Nypn/(kmolsh 1) 4.62 0.00 4.62 0.00
Nyon/(kmolsh 1) 4.90 0.00 4.90 0.00
Neo/(kmolsh ™) 4.41 0.00 4.41 0.00
Nepro/(kmoleh 1) 23.05  0.00  23.05  0.00
R/ (m%h ™) 12.45 — 36.43 3.26
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Tab. 12  The operation results of streams of 0126, 0127, 0128

and 0130
S 0126 0127 0128 0130
AHAS WA WA WAH
MR/ C 160.24  103.73  183.06  50.00
JEJ1/kPa 100 40 48 650
MPEEJRE/(kmolsh™!)  166.54  121.57  44.96 44.76
Nyp/(kmolsh ™) 0.00 0.00 0.00 0.00
Nyen/(kmolsh 1) 0.00 0.00 0.00 0.00
Ny,o/ (kmolsh™) 0.02 0.02 0.00 0.00
N, pn/(kmolsh 1) 0.14 0.13 0.01 0.01
N py/(kmolsh ™) 89.69 81.73 7.97 7.93
Noyssn/ (kmoleh 1) 39.57 39.57 0.00 0.00
Noyiopn/ (kmolsh ™) 0.13 0.13 0.00 0.00
Nypn/(kmolsh ™) 4.62 0.00 4.62 4.60
Nyen/(kmolsh ™) 4.90 0.00 4.90 4.88
No/(kmolh ™) 4.41 0.00 4.41 4.39
Nearo/ (kmolsh ™) 23.05 0.00 23.05 22.95
A/ (mPh ™) 34.23 12.65 17.19 16.30

& 11 F 12 Al A, w0114 28 TO101 3R
5, R Wi B 0121 H HON Ay BE JR & N
0. 04 kmol/h, £ T0102 [l BD M1 HCN Ji7 , ¥i %
0126 o HCN #1 BD (Y /R i1 4 0 kmol/h, Fit
SPEUNT 101070, W 2 T 2B EsR >, R
TR IE A EORE DS R AR AL A Y . T
0126 £ T0103 J& , nJ 523 R I = ) 55 4k 70 9 4
B, WIS T 0128 J& [l Wi iy i Ak 70, mT 416 B4 fif
FH ., BT B 0127 (%) 3-PN Al 2M3BN HEA J 42
B4 B T B, EE IO 0127 Hh HON A4 JBE /R i &
0 kmol/h, FEZ Ak 3-PN il 2M3BN, &
e /b 2-PN A 2M2BN Bl 7= 8, %6 SRy Ptk A5
K14 B 493 4l 1 2M3BN 1 3-PN, 2M3BN i
AN SRR RN T B, 3-PN J#E A — 90 S a4k K
T Bt BERLEITE5 MBI AW &, Ui
7 BB BD Bl 3-PN S2hr T 20T & 5i%
THEA —E R R S

4 &

ASCHH Aspen Plus 3144 % 2k K i J5 BD i
il ADN #y— 2% SURUAL T By S 0EAT TR, 4518
/(I

D XF BD ¥ il ADN v — ¢ S a5 Ak T B A
3-PN B AR DA T30, o R 5 A9 T2 AT RLSE pAR
778X 10* t AND H4: il g

2) LLBD Ry 4R, X HON #E47 [, ARE
TIagdh HON BT 408U T 10X 10 °, il
T 2R, R TP n—A HCN &

PG T 2 A 17,

3) RN R UET AT BE U8 R A AL R A8 5
FHAL, RS T 27 5RR N = 2 IR B LA/ b
ZHBL

4) 454 B R RN BD % 3-PN BS540
ISt R SOV Bl T AR, B A R A B AL R
5 SRS — B, ULEESL B9 Bl 2 O A A
AIAE, RO OB AR BT R AR A R
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